The Guaynopa and Guaynopita mineralized areas in central-western Chihuahua are conterminous sets of ore deposits that formed in association with gabbroic and granitic intrusions that correspond to the Lower Volcanic Complex of the Sierra Madre Occidental silicic large igneous province. The Guaynopa IOCG deposit consists of (1) early iron oxide-copper-gold mantos accompanied by potassic (fuchsite, biotite and potassium feldspar) and/or calcic-sodic alteration (tremolite-actinolite) and hosted by marmorized limestones near the contact with intrusive granites, (2) later copper-rich stockworks and gold disseminations, and (3) late gold-and copper-rich quartz-calcite veins. Mantos contain most of the copper and gold ores in this deposit, and their hypogene mineralogy consists of magnetite, fuchsite, chalcopyrite, Ag-rich gold, cuprite, and late hematite. The Guaynopita porphyry copper deposit consists mainly of stockworks within potassic alteration zones, and includes ancillary sulfide copper-and lead-rich skarn deposits. Microthermometric studies of fluid inclusions were carried out on most mineral associations of the Guaynopa IOCG and in the Guaynopita porphyry copper deposits. In IOCG mantos, temperatures of homogenization (Th) in calcite and quartz vary between 152° and 310 °C, and apparent salinities between 10.7 and 24.2 wt.% NaCl equiv. In IOCG veins, Th in quartz vary between 310° and 400 °C, and apparent salinities between 11.1 and 21.0 wt.% NaCl equiv.
New geochronological data from hydrothermal minerals and host rocks for these deposits suggest a minimum ~14 m.yr. span of conjoined magmatic and hydrothermal activity: biotite and chromian muscovite (fuchsite) from mantos at the Guaynopa IOCG deposits yielded 40 Ar/ 39 Ar plateau ages at 98.12 ± 0.37 and 95.42 ± 0.71 Ma (Cenomanian), respectively, whereas U-Pb dating in zircons from diorite and granodiorite host intrusives, and a potassic alteration assemblage at Guaynopita yielded ages at 92.4±0.5Ma, 89.1±0.7
Ma (Turonian to Coniacian), and 84.4± 1.0 Ma (Santonian), respectively. These ages place the Guaynopa-Guaynopita ensemble within the Mesozoic metallogenic provinces and epochs in northwestern Mexico. Unlike the majority of Mesozoic generic magmatichydrothermal iron oxide deposits in Mexico, Guaynopa in Chihuahua and Cerro del Oro in Sonora formed at a distal position fromthe paleo-Pacific margin (~500kminland) and therefore it cannot be ascribed to a general intra-arc "Coastal Andes Cordillera-type" tectonomagmatic setting. Therefore, this regionmay constitute a part of a previously unnoticedmetallogenetic region, and petrogenetic studies should follow in order to properly evaluate the hypothetical possibility for a back-arc setting there during the Late Cretaceous.
Introduction
The Guaynopa and Guaynopita deposits are located in the border between the Sierra Madre Occidental and the Basin and Range province, with large Mesozoic NW-SE fault zones disrupted by NE-SW, and occasionally E-W faults. Such structural features can be attributed to Cenozoic extensional events. The local sedimentary country rocks ( The above sedimentary sequences were intruded by granitic rocks that belong to the igneous suite of the Lower Volcanic Complex (Sierra Madre Occidental silicic large igneous province, or SLIP; see Ferrari et al., 2005 Ferrari et al., , 2007 , and developed contact marmorization and seldom contact skarn associations. The iron oxide-copper-gold deposits at Guaynopa and the porphyry-type deposits at Guaynopita are associated with such intrusives (Fig. 1) ,which are essentially gabbros and granodiorites, respectively. During the Eocene were also emplaced andesite porphyry dikes, as well as rhyolitic tuffs, dikes and ignimbrites, all of them ascribed to the Upper Volcanic Supergroup (Sierra Madre Occidental SLIP).
Western Mexico, especially the northern part of this region, is well known to contain numerous metalliferous porphyry-type deposits, which started forming alongside skarn deposits during the Upper Cretaceous in association with the Sierra Madre Occidental SLIP (Valencia-Moreno et al., 2006 Camprubí, 2013) . Then, the Guaynopita deposit constitutes a part of the Upper Cretaceous metalliferous porphyry-type belt that extends along the paleo-Pacific continental margin (Camprubí, 2013) . However, no metallogeny for the Upper Cretaceous in Mexico has ever been formally described for magmatichydrothermal iron oxide (MHIO) deposits that formed several hundreds of kilometers inland. Such is the case of the deposits of Guaynopa in Chihuahua or Cerro del Oro in Sonora. The occurrence of MHIO deposits in such location raises the possibility that they may constitute a harbinger sign of a relevant tectonomagmatic and metallogenic event distally to the paleo-Pacific margin, previously unheard of.
Ore deposits

Cuale, Jalisco
Preliminary surveys in the Guaynopa deposit (González-Partida et al., 2011) indicate that there are four styles of magmatichydrothermal iron oxide (MHIO) mineralization ( Fig. 1 ): early iron oxide-rich mantos (Fig. 2a, b) , later copper-rich stockworks, gold disseminations, and late quartz and calcite-rich veins (Fig. 2c) . Mantos (Tres Amigos, Cinco de Mayo, Chalas, and Tazcate) average 2 m in thickness, and are located preferentially between the marmorized limestones and the intrusive rocks. Their hypogene mineralogy consists of magnetite, chromian muscovite (fuchsite), chalcopyrite, pyrite, sphalerite, Ag-rich gold, cuprite, K-feldspar, some tremolite-actinolite and kaolinite, besides malachite and azurite as supergene minerals. Some hypogenic replacement of magnetite by hematite (martitization) is common in mantos at variable degrees. Quartz and calcite are common gangue minerals in any ore-bearing assemblages.
The Tres Amigos manto averages 11.84 g/t Au, 14.88 g/t Ag, and 1.54% Cu. Highgrade quartz-gold veins strike nearly E-W or NE-SW ( Fuchsite, biotite and K-feldspar constitute potassic alteration assemblages. Tremoliteactinolite, and kaolinite are the key minerals that constitute calcic-sodic, and argillic alteration assemblages, respectively. Propylitic alteration is the most conspicuous alteration assemblage and consists of chlorite, calcite and epidote. Pervasive potassic alteration was identified on most diorite outcrops and is spatially associated with mantos.
Ferromagmesian minerals in the diorite, such as hornblende, are typically altered to chlorite. Strongly pervasive hypogene argillic alteration appears to be associated exclusively with widespread stockworks and gold disseminations (Fig. 2c) . The former are conspicuous by the Yuta gulch as an array of veinlets up to 2 cm thick and consist of quartz, copper sulfides and gold. In the La Escondida-El Muerto area, gold is found both in stockworks and disseminated in argillic alteration assemblages that were developed in the host diorite, which grade up to 30.05 g/t Au.
The Guaynopita porphyry copper deposit
The Guaynopita porphyry copper deposit ( Fig. 1 ; González-Partida et al., 2011) crops out in an area of ~5 km2 about 5 km south of the IOCG Guaynopa deposits. It consists of quartz veinlets (Fig. 2d ) that occasionally form stockworks in the intrusive rocks (Fig. 2e ).
Preliminary surveys indicate that these ore-bearing associations grade between 0.1 and 2%
Cu, and are coupled with anomalous Au, Ag and Mo contents. When hosted by the carbonate rocks, the mineralization is essentially found as quartz veins, up to 0.5 m thick and 150 to 200 m long. The most prominent stockwork zones are named La Leona and La Esmeralda (Fig. 1) .
The hypogene mineralogy of the ores consists of quartz, potassium feldspar, chalcopyrite, chalcocite, pyrite and sphalerite plus widespread supergene azurite, malachite ( Fig. 2e) and native copper. The veinlets are zoned and showpotassiumfeldspar on the borders (Fig. 2d) ,whereas quartz and copper minerals occur in the veinlet cores. Only potassic alteration is pervasive in the mineralized area, as observed in the present state of exploration endeavor, and occurs in association with the highest metal grades. Propylitic alteration occurs peripherally to potassic alteration zones.
The timing of both the Guaynopita porphyry copper-type and the Guaynopa IOCG deposit and their 'parental' intrusives is explored in this paper in the next sections. Sulfide skarn deposits are also present, and consist of up to ~2 m thick mantos (Morelos manto) that are rich in chalcopyrite and pyrrhotite, with azurite and malachite as supergene minerals. Other smaller mantos ( Fig. 1 ) are found detached from either skarns or stockworks; one of them is constituted by manganese oxi-hydroxides and grades up to 2.5 kg/t Ag, and some are constituted by massive galena as the main mineral (i.e. the Plomosas manto). Although these mantos have not been identified to correlate in any way with the porphyry copper and sulfide skarn mineralizations at Guaynopita or with the IOCG deposits at Guaynopa, the likeliest possible genetic association of such mantos would be with the sulfide skarn mineralizations.
Fluid inclusion studies
Preliminary fluid inclusion petrographic and microthermometric studies were carried out in fourteen samples (calcite, quartz and tremolite), comprising mantos (Tres Amigos and Las Chalas), the La Libertad vein, and La Escondida-El Muerto stockwork zone, being all of them part of the IOCG deposits (Guaynopa), and the La Esperanza stockwork zone of the porphyry copper deposit (Guaynopita). The studied samples were doubly polished sections (100 to 150 μm thick). Primary, pseudosecondary and secondary inclusions were found. The analyzed inclusions are liquid-rich (their degree of filling varies from 0.60 to 0.90; Fig. 3-A,B ) and therefore the inclusions homogenized systematically into a liquid phase, contain no daughter crystals, and their sizes range from 5 to 25 μm. CO 2 -bearing inclusions are common in the IOCG deposits and are most conspicuous in the La Libertad vein as "double bubbles", with liquid CO 2 ( Fig. 3-C ). This vein also shows aqueous liquidrich and vapor-rich inclusions coexisting in individual fluid inclusion assemblages (or, at least, inhomogeneous degrees of filling within each FIA), which is interpreted as likely evidence for boiling ( Fig. 3 Bodnar et al. (1989) and Bodnar (1993) . The obtained microthermometric data are displayed in Table 1 Table 2 ).
Carbon and oxygen
Carbon and oxygen isotopic compositions were determined for 3 limestone samples that host the IOCG mineralization at Guaynopa, and 31 calcite samples of the Tres Amigos, Cinco de Mayo, and Chalas mantos at the same deposit. Such analyses were performed by using the method by McCrea (1950) , in which CO 2 is released by means of the reaction of calcite with pureH3PO4 at 25 °C during 50 h. Thematerial involved, the samples and the analysis were handled and prepared following the procedure described by Révész et al. (2001) and Révész and Landwehr (2002) , using a Gas Bench II coupled with a Thermo C VPDB values of CO 2 in equilibrium with calcite were calculated using the fractionation equations by Bottinga (1969) and Ohmoto and Rye (1979) . For suchcalculations, we used the temperatures of homogenization of fluid inclusions from the Tres Amigos and Chalas mantos (no such data are available for the Cinco deMayo manto). In order to ensure the representativity and likeliness of the calculated isotopic data, the temperatures chosen were the highest and lowest average temperatures of homogenization fromthe various analyzed samples in each mineralized manto. To block thermal neutrons, the capsule was covered with a cadmium liner during irradiation. To determine the neutron flux variations, aliquots of the irradiation monitor FCT-2 sanidine (27.84 ± 0.04 Ma) were irradiated alongside sample GUAYN-1. Upon irradiation the monitors were fused in one step while the fuchsite sample GUAYN-1 was step-heated. The argon isotopes were corrected for blank, mass discrimination, radioactive decay of 37Ar and 39Ar and atmospheric contamination. For the Ca neutron interference reactions, the factors given by Masliwec (1984) were used. The decay constants recommended by Steiger and Jäger (1977) were applied in the data processing. The equations reported by York et al. (2004) were used in all the straight line fitting routines of the argon data reduction. The relevant 40Ar/39Ar data are presented in Table 3 , which includes the results of the individual steps, and the integrated, plateau and isochron ages.
The analytical precision is reported as one standard deviation (1 σ). The error in the integrated, plateau and isochron ages includes the scatter in the irradiation monitors.
The 40Ar-39Ar results are listed in Table 3 and presented in Fig. 7 . With the exception of the first fraction, a well-defined straight line, with mean standard weight deviations (MSWD) of 0.55 for n=6, indicates isochron ages of 96.66±0.71Ma for fuchsite and 97.64±0.29 for biotite, which are statistically indistinguishable from the plateau ages. We then take the 98.12 ± 0.37 and 95.42 ± 0.71 Ma (Cenomanian) from the plateau ages of biotite and fuchsite, respectively, as our best estimates for the age of sample GUAYN-1.
U-Pb dating
Three samples were selected for U-Pb dating in zircon separates from Guaynopita: two samples from instrusive bodies (sample GRANO-7, diorite, and sample CAMP, granodiorite), and a sample from a potassium feldspar from the potassic alteration assemblage around quartz veins and veinlets (sample L-9). The U-Pb zircon analyses were performed at the Isotopic Studies Laboratory (LEI) at the Centro de Geociencias from the Universidad Nacional Autónoma de México. An excimer (193 nm) laser ablation system by
Resonetics was attached to a quadrupole Thermo-X series ICP-MS spectrometer to carry out the analyses. The system has been recently described by Solari et al. (2010) and all data have been reduced by in-house software "UPb.age" (Solari and Tanner, 2011) and plotted with the computational software "Isoplot 3.0" (Ludwig, 2003) .
The analyzed samples yielded concordant ages at 92.4 Ma for the diorite intrusive, 89.1
Ma for the granodiorite intrusive (both hosting the porphyry copper deposit), and 84.4 Ma for the potassic alteration assemblage in the porphyry copper deposit. These analyses are displayed in Table 4 and Fig. 8 . (See Table 5 .).
Discussion
The formation of the guaynopa and guaynopita deposits
According to our results, the Guaynopa IOCG deposits and the Guaynopita porphyry copper deposit in Chihuahua, plus the associated intrusives, formed at leastwithin a time span of ~10 m.y., as featured by the following ages: 98.15Ma for biotite and 95.42Ma for fuchsite in the potassic alteration assemblages of the IOCG deposit, 92.4 Ma for a diorite intrusive, 89.1Ma for a granodiorite intrusive (both hosting the porphyry copper deposit), and 84.4 Ma for potassic alteration in the porphyry copper deposit (hydrothermal zircon). (Tornos et al., 2010) allowed to invoke such common origin at a local scale, and suggests a "broadly contemporaneous" formation of similar deposits at a regional scale. In that case, the Tropezón Cu-Mo-(Au) deposit in
Chile bears characteristics of both IOCG and porphyry-hosted deposit models,which led Tornos et al. (2010) to suggest that this deposit represents a 'missing link' between both the consideredmodels. However, the Guaynopa-Guaynopita cluster contains separate ore deposits that can be formally ascribed to both the above models with no 'missing link' ever found so far, despite being so close in time and space. The broadly contemporaneous formation of both types of deposits also includes the emplacement of at least some of the local ('parental'?) intrusive bodies; one of them, which hosts the porphyry copper deposits, is nearly (and notably) contemporaneous to the IOCG deposit. Such features also for a continuum of some sort between IOCG and porphyry-copper deposits that formed as a result of an enabling evolution of parental magmas, and the occurrence of a Tropezón-like 'missing link' between them seems not an unreasonable possibility. Flores (1951) The case of theGuaynopa-Guaynopita group of deposits, for regional exploration purposes, may also benefit from its comparison with the geological characteristics of the Cenozoic Eastern Alkaline Province (EMAP) of Mexico. The most relevant of these (Camprubí, 2009 (Camprubí, , 2013 , for the matter, are that (1) the EMAP is constituted by a series of magmatic massifs that are discontinuously distributed in a relatively narrowstrip of land that crosses the entire easternMexico fromCoahuila and Chihuahua in the north to Chiapas in the south, (2) it is the metallogenic province inMexicowith the highest 'typological diversity', as it contains a myriad of types and styles of magmatic-hydrothermal ore deposits, including both generic MHIO deposits, carbonatitic complexes, and ultra-alkaline massifs, and (3) the 'parental' magmatic rocks for these deposits have either alkaline or calc-alkaline affinities, as well as both intraplate and subduction affinities, even within the same individual magmatic massif (Camprubí, 2009 (Camprubí, , 2013 . Such magmatism and magmatically driven metallogenic activity "unzips" southwards and correlates with the distribution in time and space of the eastward and southwardmigration of the Cenozoic arc magmatism. Therefore, the EMAP is likely to constitute a large-scale continental extensional back-arc province for the Cenozoic Sierra Madre Occidental SLIP. Whether or not the tectonomagmatic setting of northwestern Mexico during the Upper Cretaceous parallels in any way the one existing in the EMAP (though at a smaller scale), the sole occurrence of theGuaynopa-Guaynopita cluster should be enough to encourage research efforts towards evaluating such possibility. Ifwe assumed that to be the case, it might be predicted the occurrence of more deposits similar to those in the Guaynopa-Guaynopita cluster along the trace of the Basin and Range province in northwestern Mexico during the Upper Cretaceous.
Fluid inclusion and stable isotope data
Some of the temperatures of ice melting listed above are lower than the eutectic temperature of the H 2 O-NaCl system,which is an expected effect for CO 2 -rich fluid inclusions (Hedenquist and Henley, 1985; Fáll et al., 2011) , as it is actually the case for some fluid inclusion assemblages in the Guaynopa deposit ( Fig. 3-C) . However, such melting temperatures can also be accounted by ( (2011, 2015) or Lecumberri-Sanchez et al. (2015) , the salinities displayed above must be cautionarily considered as apparent salinities when referred to NaCl alone.
In the Guaynopa IOCG deposits, the highest temperatures of homogenization (Th) were , 1998; Smith and Henderson, 2000; Bastrakov et al., 2007; Davidson et al., 2007) , within the medium-salinity range (10 to 30 wt.% NaCl equiv.). At the present state of research, only a fewfluid inclusionswith daughter minerals (Table 1 and Fig. 3 -E) have been found in samples from the Guaynopita porphyry copper deposit, which is a striking feature for this type of deposits. However, this study is based only on limited surface sampling, as there are no old mines or drill cores available from these deposits; therefore, this study constitutes only a first approximation to its full-length metallogenic characterization. between Th and apparent salinity, thus standing for a convincing dilution trend between relatively high salinity and temperature fluids, and water likely derived from meteoric sources. Such dilution trend is found both in every FIA and as a general trend for the whole set of data in the Guaynopita porphyry copper deposit.
As a general feature, the C and O isotopic compositions of host limestones of the Lampazos Formation are compatible with those of marine Albian-Cenomanian limestones (Huber et al., 1999; Norris et al., 2001; Zürcher et al., 2001 (Fig. 4) . IOCG 'clan' deposits (Bastrakov et al., 2007; Chen and Zhou, 2012) . In this sense, it is worth noting that the location of the Guaynopa deposits, over 500 km inland from the paleo-Pacific margin, and that formed during the continentalization process of magmatism and metallogeny in Mexico, renders the role of modified seawater unlikelier than in intra- 
The troublesome occurrence of fuchsite at Guaynopa
The prominent occurrence of epigenetic fuchsite (chromian muscovite) as part of the potassic alteration assemblage, which contains the iron oxide-copper-gold associations in the main mantos, is an interesting feature in the Guaynopa deposit. This deserves further attention although such occurrence cannot be easily explained. Fuchsite (or, for that matter, chromian phengite or "mariposite") is seemingly an extremely uncommon epigenetic mineral variety in generic magmatic-hydrothermal iron oxide deposits, unless it takes after preexisting minerals in several types of deposits. Typical cases would be orogenic deposits (i.e., "listvenites") or other types of deposits in which chromium was remobilized from underlying ultramafic-mafic rock complexes (e.g., Nesbitt et al., 1986; Partington and Williams, 2000; Jébrak and Doucet, 2002; Baksheev and Kudryavtseva, 2004; Haeberlin et al., 2004; Doroshkevich et al., 2007; Dubé and Gosselin, 2007; Espi et al., 2007; Holma and Keinänen, 2007; Belkabir et al., 2008; Peltonen et al., 2008; González-Jiménez et al., 2014) , or associated with banded iron formations (Hall and Goode, 1978; Jenkins and Alibert, 1991; Kwitko et al., 2002; Elkady, 2003; Bhattacharya et al., 2007) . Chromian muscovite or phengite have seldom been described in skarn deposits and other rock assemblages due to thermal metamorphism (Rumyantseva, 1983; Kazachenko et al., 1993; Uher et al., 2008) as well. They have also been found in some carbonatite deposits, in association with calcite, dolomite, apatite, albite, sodic amphiboles and chlorite (Nelson et al., 1988) , although no clear paragenetic correspondence between these minerals and fuchsite or mariposite was established by the authors above. In other carbonatite deposits, chromian phengite is found in late assemblages due to regional metamorphism within carbonatitic assemblages or in xenoliths in association with magnetite (Doroshkevich et al., 2007; Ripp et al., 2007) . Only recently fuchsite has been found in another IOCG deposit:
Tatatila-Las Minas in Veracruz, also in Mexico, which is Miocene in age and related to the Eastern Mexico Alkaline Province (Camprubí, 2013) . Notice that Groves and Vielreicher (2001) , Gandhi (2003) and Pirajno (2009) Eastern Magmatic Alkaline Province (EMAP) of Mexico, discussed earlier in this paper.
Conclusions
• There may have an unfathomed potential formagmatic-hydrothermal iron oxide (MHIO) deposits in Mexico during the Mesozoic, as suggested by new data from the Guaynopa deposit in Chihuahua. Most Mesozoic MHIO deposits in Mexico occur in subductionrelated continental margins near the continental edge, and these have been interpreted to form in intra-arc environments, much alike those in the Coastal Andes Cordillera. However, other deposits (i.e., Guaynopa, Cerro del Oro) are found up to ~500 km inland from the continental paleo-edge, and thus other settings must be invoked (associated with back-arc magmatism?).
• • 40Ar/39Ar dating in biotite and chromian muscovite (fuchsite) from mantos at the Guaynopa IOCG deposits yielded respective plateau ages at 98.12±0.37 and 95.42±0.71Ma (Cenomanian).U-Pb dating in zircons from diorite and granodiorite intrusives related to the Guaynopita porphyry copper deposit, and from its potassic alteration assemblage yielded ages at 92.4 ± 0.5 Ma, 89.1 ± 0.7 Ma (Turonian to Coniacian), and 84.4 ± 1.0 Ma (Santonian), respectively. Therefore, there is a minimum ~14m.yr. period of metallogenic andmagmatic activity in the area. This attests for a long-lasting magmatic-hydrothermal system, which could suggest a common tectonomagmatic ancestry for both deposits. In addition, the obtained ages render new possibilities for exploration in northwestern Mexico for both types of deposits in
Cretaceous rock assemblages.
• Coarse-grained fuchsite (chromian muscovite) within the Guaynopa deposit as part of the potassic alteration assemblage is an uncanny and previously undocumented mineral occurrence for IOCG deposits, and might be indicative of undiscovered chromium resources in this region.
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